Abstract The families Achariaceae and Salicaceae (Malpighiales) are characterized by wood anatomical ranges that partly overlap. Formerly these families were treated together in the polyphyletic Flacourtiaceae and a much more narrowly circumscribed Salicaceae. Here we attribute two recently collected fossil woods from the Deccan Intertrappean Beds to the clade that contain these two families, i.e., the Parietal Clade of the Malpighiales. The new genus Elioxylon shares features with several extant genera of Achariaceae and Salicaceae, but does not completely match with any of them. A new record of Hydnocarpoxylon indicum Bande & Khatri is a good match for extant Hydnocarpus Gaertn. (Achariaceae). Elioxylon and Hydnocarpoxylon share an absence of parenchyma, the presence of septate fibres and 1-3 seriate heterocellular rays with long uniseriate margins consistent with Achariaceae and Salicaceae. Elioxylon has mixed simple and scalariform perforations, whereas Hydnocarpxylon has exclusively scalariform perforations. Other Deccan fossils formerly attributed to "Flacourtiaceae" in the literature are critically discussed and mostly excluded from Achariaceae and Salicaceae. Elioxylon and Hydnocarpoxylon from the Maastrichtian -Danian of India are the oldest fossil records of the Parietal Clade of the Malpighiales. With their occurrence on the Indian plate during its northward journey from Gondwana to Laurasia, these fossils provide further support for an 'out-of-India' hypothesis for Achariaceae and/or Salicaceae. "Baileyan trends" in vessel perforation plate and vessel grouping evolution are apparent in the phylogeny of the Parietal Clade.
Introduction
The Deccan Traps are one of the most extensive igneous provinces formed in the history of Earth. They cover an area of about 500 000 sq. km in central and western India and their original extent may have been more than 1 500 000 sq. km, including derivatives found in the Arabian Sea (Jay & Widdowson, 2008) . The Deccan Traps were formed as a result of outpouring of lava associated with the movement of the Indian Plate over the R eunion hotspot (Chatterjee et al., 2013) , a major K-Pg boundary event. Dating (Renne et al., 2015; Schoene et al., 2015; Shrivastava et al., 2015) and magnetostratigraphic studies (Chenet et al., 2009) indicate that volcanism occurred from 67.5 AE 1 to 63 Ma with the bulk of the eruptions close to the K-Pg boundary (ca. 65 AE 1 Ma). The sedimentary exposures were deposited during quiet periods of the volcanic activity in between successive traps (intertrappean) or below the traps (infratrappean) and contain diverse biota of Maastrichtian -Danian age (plant remains recently reviewed by Srivastava, 2011; Smith et al., 2015) .
The Deccan Intertrappean flora of central India is very rich in fossil woods and although often treated collectively, the fossils come from widely dispersed localities. Recently, a large number of fossil woods from the Deccan Intertrappean Beds were critically reviewed by Wheeler et al. (2017) . The incidences of so-called "specialized features" in the Baileyan sense are high, which differentiates this enigmatic assemblage from contemporaneous fossil woods from higher palaeolatitudes. The very "modern" aspect of the Deccan wood flora suggests that tropical climatic conditions may have accelerated adaptive xylem evolution (simple perforation plates) to fit the high demands for hydraulic efficiency typical for tropical lowland forests (Baas et al., 2004) . This paper on Deccan Malpighiales, along with other recent contributions, (Srivastava et al., 2015-Oleoxylon; Baas et al., 2017-Connaroxylon; Shukla & Mehrotra, 2017-Duabangoxylon; Wheeler et al., 2017-47 taxa) expands our knowledge of the species-rich Deccan fossil flora from a crucial epoch in the evolution of the angiosperms.
Material and Methods

Fossil wood samples
The sample assigned to Elioxylon was collected from the forest near the village of Paddi Kona (N 22°44 0 16.1 00 ; E 80°1 0 0 49.3 00 ), situated 38 km from sub-district headquarters Ghansaur, Seoni District, Madhya Pradesh, India. The specimens attributed to Hydnocarpoxylon were collected from surface exposures of Deccan Intertrappean beds of the Binori Reserve Forest, Ghansaur (N 22°40 0 28 00 ; E 80°0 2 0 0.742 00 ), Seoni District (2 samples) and Kathotiya Tola (N 22°52 0 916 00 ; E 80°40 0 0.95 00 ), Dindori District, Madhya Pradesh, India. From the latter site more than 18 samples of dicotyledonous woods were collected from a newly dug water well section about 3-4 m below the surface, all belonging to Hydnocarpoxylon. They are complete stem segments about 3-9 cm in diameter, including pith, and 9-24 cm long. The age of the sedimentary beds in the Seoni District is Maastrichtian -Danian. However, recently Shrivastava et al. (2015) dated plagioclase crystals (40Ar/39Ar) from the succession of basalts exposed in the Mandla lobe of the Deccan Volcanic Province as early Paleocene (Danian).
Preparation of wood slides
Thin sections of transverse (TS), tangential (TLS) and radial (RLS) planes were mounted on microscope slides using Aremco's Crystalbond 509 epoxy adhesive. The sections were examined with an Olympus BX 50 light microscope and photographed with an Olympus DP 20 camera. The anatomical terms used are those of the IAWA Hardwood List (IAWA Committee, 1989 (Fig. 1K) ; 600 (range 425-990) mm long having both simple and scalariform perforation plates in about equal numbers; scalariform plates with 5-17 bars per plate (Figs. 1K, 1L ). Intervessel pits opposite to alternate, rectangular to polygonal (Fig. 1E) , medium-sized to large, about 10 (range 8-13) mm in horizontal diameter, with slit-like or round apertures (Fig. 1E) ; vessel-ray pits mostly with strongly reduced borders, oval to horizontally elongate (Fig. 1F) ; poorly preserved scalariform perforated ray cells occasionally observed. Axial parenchyma absent or extremely rare (not seen). Fibres septate (Fig. 1J) , thin-to thick-walled, wall pitting not preserved, average tangential diameter 21 (range 12-28) mm. Rays 11-14 per mm, 1-3 seriate (Fig. 1D) , heterocellular (Fig. 1C) ; uniseriate rays composed mainly of square or upright cells (Fig. 1D) , height 10-20 cells or 543 (400-826) mm. Bi-and tri-seriate rays made up of procumbent central cells with uniseriate margins of 2-4 (or rarely more) rows of upright or square cells, height 20-50 cells or 500-1071 mm; end to end ray fusion is commonly present (Fig. 1D) . Prismatic crystals infrequent, in chambered erect ray cells (Fig. 1H ). Pith pentagonal in cross section with large palisade-like parenchyma cells in the periphery and more isodiametric cells, some with dark contents, in the centre (Fig. 1I ). Protoxylem vessels with helical secondary walls observed near the pith (Fig. 1G) .
Coded descriptions following the IAWA Hardwood List (IAWA Committee, 1989): 2, 5, 12v, 13, 14, 15, 16, 21v, 22v, 23v, 26, 27, 31, 32, 41, 47, 48, 49, 65, 69, 75, 97, 107, 108, 115v, 116, 136, 137. 3 Results
Comparison with extant woods
The combination of diffuse-porosity, mixed simple and scalariform perforations, septate fibres, parenchyma absent, and heterocellular rays immediately brings to mind the former Flacourtiaceae, currently treated in two separate families, the Achariaceae and Salicaceae (including Samydaceae). However, since this combination can also occur in other families, we carried out many searches in InsideWood (2004-onwards; Wheeler, 2011) with subtly varying selections of characters from the coded description for Elioxylon. It is well-known that coding with all features observed usually leads to no matches at all (Wheeler, 2011) , so we allowed one mismatching character. In all selective codings we retrieved a number of genera of both the Achariaceae (8 genera) and Salicaceae (7 genera) formerly included together in the Flacourtiaceae. Other matching taxa were Anacardiaceae (4 genera), Araliaceae (1 species), Atherospermataceae (1 species), Brunelliaceae (1 genus), Burseraceae (2 genera), Cunoniaceae (1 species), Elaeocarpaceae (1 species), Ericaceae (1 species), Hypericaceae (1 species), Lamiaceae (4 Vitex spp.), Lauraceae (3 genera), Myristicaceae (3 genera), Nothofagaceae (6 species), Octoknemaceae ($Erythropalaceae $Olacaceae, 2 species), Phyllanthaceae (5 genera), and Tapisciaceae (1 species). The above list, comprising 67 matches À allowing one mismatching anatomical feature À with species or species groups resulted from a search with the following combination of presence (p) and absence (a) codes:
Semi-ring-porositity absent (4a), wood diffuse-porous (5p), vessel perforations both scalariform and simple (13p, 14p), vessel-ray pits with reduced borders to apparently simple, round and elongate (31p, 32p), helical vessel wall thickenings absent (36a), septate fibres present (65p), axial parenchyma absent or extremely rare (75p), diffuse, and diffuse-in-aggregate parenchyma, and scanty paratracheal parenchyma absent (76a, 77a, 78a), rays 1-3-seriate (97p) with 2-4 rows of square to upright marginal cells (107p), and radial canals absent (130a). The full list of the 67 matches is given in the Doc. S1, where additional differences in characters not used in the search are also taken from the InsideWood database.
Zero mismatches in the above search are restricted to Achariaceae (3 species, 2 genera) Salicaceae (3 species, 3 genera) and one species of Nothofagus: N. cunninghamii. However, the latter species differs from Elioxylon in having distinct growth rings, lacking alternate intervessel pits and crystals, and having different ray composition and is therefore excluded from close affinity (cf. Doc. S1). After comparing all candidates with zero or one mismatch (see Doc. S1) with Elioxylon we concluded that Achariaceae and Saliaceae indeed provided the best matches for fossil Elioxylon. The additional differences with taxa from other families often include important features, for instance presence of oil/mucilage cells which exclude the listed Lauraceae; presence of scalariform intervessel pits exclud the retrieved species of Atherospermataceae, Brunelliaceae, Cunoniaceae, and Ericaceae; tanniniferous tubules exclud Myristicaeae, etc. Below we will therefore focus the discussion on Achariaceae and Salicaceae as closest living relatives of Elioxylon.
Among the Achariaceae retrieved, the African taxa Caloncoba brevipes and Caloncoba echinata and Camptostylus mannii are "perfect" wood anatomical matches for Elioxylon, but see Doc. S1 for minor differences. Allowing one mismatching feature adds Caloncoba glauca (higher proportion of upright ray cells) and C. welwitschii (vessel perforations simple only, 14a), Carpotroche spp. (higher proportion of upright ray cells 107a, 108p and 109p), Gynocardia odorata (>4 marginal rows of upright ray cells), Hydnocarpus spp. (vessel perforations scalariform only), Kiggelaria africana (perforations simple only), Lindackeria dendata (>4 marginal rows of upright ray cells), and Trichadenia philipinensis (perforations simple only, and some parenchyma present). Most of these taxa are from tropical Africa, Carpotroche is Neotropical. Gynocardia and Hydnocarpus occur on the Indian subcontinent and neighboring Indochina and/or Malesia. Trichadenia is distributed in Sri Lanka and East Malesia. In their general appearance Caloncoba, Hydnocarpus and Gynocardia are strikingly similar to Elioxylon.
Salicaceae have a roughly similar number of matching taxa: Bennetiodendrion from Indomalesia and China, Idesia from China, and Oncoba brachyanthera from tropical Africa producing "perfect" matches, apart from the differences summarized in the Doc. S1. The following taxa mismatched in one coded feature: Azara integrifolia (with diffuse axial parenchyma), A. spp (with > 4 rows of square to upright marginal ray cells), Calantica and Hasseltia (with simple perforations only), Microhasseltia (with helical vessel wall thickenings) and Oncoba spinosa (with simple perforations only).
Subtle changes in the coding of, for example, number of rows of square to upright marginal ray cells (which can vary with distance from the pith in many woods) also yielded Ryparosa in the Achariaceae (differing from Elioxylon mainly in having much broader rays-98p). By themselves none of the differences would be a good reason for denying close phylogenetic affinity with the fossil, if one considers that extant genera such as Carpotroche and Mayna show variation within their species from exclusively simple to mixed simple and scalariform perforations (Miller, 1975) , that features like ray width and cellular ray composition may vary with stem diameter and tree age, and that intervessel pitting can vary substantially in average size within some species-rich-genera, for instance 6-11 mm in Ilex (Baas, 1973; InsideWood, 2004-onwards) .
On balance, the Achariaceae provide the greatest overall wood anatomical similarity À especially the genera mentioned above, and formerly classified in the tribes Berberidopsideae, Pangieae and Oncobeae (Miller, 1975) , very closely followed by the Salicaceae retrieved in the InsideWood searches.
Pith anatomy has generally been poorly documented for dicotyledonous angiosperms. The striking pentagonal shape of the pith and the strongly dimorphic pith parenchyma cells (Fig. 1H ) with long palisade-like peripheral cells of Elioxylon are not known from other woody plants as far as we are aware. The few Achariaceae studied for pith had a round to oval pith shape and lacked palisade-like peripheral parenchyma cells. However, Populus (Salicaceae) and Lindackeria palludosa (Achariaceae; sample MADw 28444 from the Forest Products Laboratory collection in Madison, Wisconsin, USA À original observation RBM), have similar pentagonal pith shapes but lack palisade-like peripheral cells. The striking pith anatomy may thus constitute an autapomorphy for Elioxylon.
Comparison with fossil woods
Searching the InsideWood database for fossil woods with the same combination of characters from Elioxylon mentioned above in considering extant wood similarities, yields only a few matches, most notably two fossils from Patagonia, South America, Miocene Laurinoxylon ruei (Salard) Nishida et al. (1988) and Eocene Gonzaleoxylon mochaense Nishida & Nishida (1985) . Laurinoxylon ruei differs in much higher vessel frequency and much narrower vessels. Gonzaleoxylon was not attributed to a family by Nishida (1984) , and its affinities with Achariaceae and Salicaceae, and thus Elioxylon deserve further study. Unfortunately, the preservation of Gonzaleoxylon was not good enough to be sure about presence/absence of axial parenchyma but its fibres were illustrated as nonseptate, and we therefore consider it inappropriate to attribute the fossil to Gonzaleoxylon. Six other "perfect" matches with fossil woods are due to a very high number of question marks for poorly preserved characters (e.g., Ternstroemioxylon dachelense Kr€ ausel from the Eocene of Ethiopia) and don't really represent candidates for close affinity. The same applies to all ca. 50 fossil form taxa retrieved, after allowing one mismatching character. These imperfect matches will not be further discussed.
We did, however, compare Elioxylon in detail with the fossil woods attributed in the literature to Achariaceae, "Flacourtiaceae", and Salicaceae (InsideWood, 2004-onwards; Gregory et al., 2009 ). Amongst them, Flacourtioxylon gifaense Louvet (1972 Louvet ( [1976 ) can be differentiated in having exclusively scalariform perforation plates and much broader rays (4-10 seriate), while Salix sp. (Slijper, 1932) , Salix pawneenesis Wheeler & Matten (1977) , Salicinium sp. (Burgh, 1978) are quite different in having exclusively simple perforation plates. Populoxylon priscum M€ adel-Angeliewa (1968) and Populoxylon priamurensis Blokhina & Snezhkova (2003) also have only simple perforations and exclusively uniseriate rays. Casearioxylon pelletieri Priv e-Gill & Cao (2008) has both simple and scalariform perforations, but vasicentric and diffuse parenchyma and broad rays (4-10 seriate) and cannot even be close to Casearia (cf. Miller, 1975) . Achariaceae? cf. Hydnocarpoxylon sp. (Wheeler & Manchester, 2002) differs from the present fossil in having only scalariform plates and broad rays up to 10-seriate.
From India, four genera belonging to the former Flacourtiaceae are recorded from the uppermost Cretaceous ÀNeogene sediments (Deccan Intertrappean beds), viz., Flacourtioxylon, Homalioxylon, Hydnocarpoxylon and Pangioxylon, while one fossil wood has been placed in the modern genus Gynocardia. Flacourtioxylon mohgaonense Trivedi & Srivastava (1986) , Pangioxylon mohgaonense Trivedi & Srivastava (1982) and Homalioxylon assamicum Prakash & Tripathi (1974) differ in having exclusively simple perforation plates and minute intervessel pits, while Homalioxylon mandlaense Bande (1974) is certainly not close to Homalium, and only doubtfully a member of the Malpighiales (see Wheeler et al., 2017) . Hydnocarpoxylon indicum Bande & Khatri (1980) compares well with the fossil wood under consideration but differs in having exclusively scalariform plates. Recently, Shukla et al. (2015) described a fossil wood from Eocene sediments of the Bharuch District, Gujarat as Gynocardia eocenica. The wood is poorly preserved and diagnostic features such as presence of both scalariform and simple perforation plates, vessel ray pits etc., were not seen, so its identification is doubtful. Modern Gynocardia shares many features with Elioxylon (see above, where modern Gynocardia came up in the general search allowing one mismatching feature).
In conclusion, Elioxylon closely resembles several extant Achariaceae and Salicaceae, while similarities with fossil woods are mainly with Gonzaleoxylon and the achariaceous genus Hydnocarpoxylon. We preferred to erect a new genus for the fossil, because it differs from all earlier described fossils, and its wood anatomy matches several modern genera of Achariaceae and Salicaceae, making it arbitrary to assign it to any single modern genus.
Genus Hydnocarpoxylon Age Maastrichtian -Danian. Anatomical Description Growth rings indistinct, sometimes faintly demarcated by thick-walled fibres and crowding of vessels. Wood diffuse porous. Vessels 25-30% solitary, remainder in radial multiples of 2-6 (rarely up to 12), sometimes forming a radial pattern ( Fig. 2A) , 52-90 per sq. mm, circular to angular when solitary, flattened at the place of contact when in radial multiples ( Figs.  2A-2C) ; mean tangential diameter 67 (range 34-90; SD 15) mm, mean radial diameter 94 (48-120; SD 22) mm. Vessel elements with tailed ends, 720 mm (range 640-890 mm) long; perforation plates exclusively scalariform with 10-22 bars (Fig. 2H) . Intervessel pits opposite to alternate (Figs. 2I, 2J) , hexagonal, sometimes with coalescent apertures giving an appearance of scalariform pitting (Fig. 2L) ; medium to large, about 11 (range 10-13) mm, bordered with slit-like to oval or round apertures (Fig. 2L) . Vessel-ray pits mostly with strongly reduced borders, horizontal and gash-like (Fig. 2K) . Axial parenchyma absent. Fibres septate, fibre wall pitting not preserved, average tangential diameter 19 (range 15-30) mm. Rays closely spaced, 12-18 per mm, 1-2 (1-3)-seriate, heterocellular, uniseriate composed mainly of square or upright cells; multiseriate rays made up of procumbent cells with uniseriate extensions of 1-4 (or more) upright or square cells, height 15-60 cells or 500-2645 mm (Fig. 2D) ; end to end ray fusion is commonly present. Pith circular with wavy outline, parenchymatous (Fig. 2H) .
Coded descriptions following the IAWA Hardwood List (IAWA Committee, 1989): 2, 5, 7v, 10v, 14, 16, 17, 21, 22, 27, 32, 40, 41, 47, 48, 49, 53, 54, 56?, 61?, 65, 75, 97, 102, 107, 108, 116 .
Comparisons with extant and fossil woods The diagnostic features of this fossil wood are diffuse porosity, mostly narrow vessels, 1-2 (3) seriate heterocellular rays, exclusively scalariform perforation plates, opposite to alternate intervessel pits, septate fibres and absence of parenchyma, which indicate its affinity with the genus Hydnocarpus of the family Achariaceae (earlier described and pictured under Flacourtiaceae; Pearson & Brown, 1932; Metcalfe & Chalk, 1950; Chowdhury & Ghosh, 1958; Miller, 1975; Ilic, 1991; Chauhan et al., 1995; InsideWood, 2004-onwards) . The present fossil woods are much better preserved than earlier fossils ascribed to Hydnocarpoxylon, clearly showing vessel-ray pits, septate fibres and other details. Conspecificity with Hydnocarpoxylon indicum is indicated, described by Bande & Khatri (1980) from Parapani and critically revisited by Wheeler et al. (2017) . This species has been recorded from many Deccan Intertrappean localities (Guleria & Mehrotra, 1999; Guleria & Srivastava, 2001 ) and also from Neogene sediments of Kerala (Awasthi & Srivastava, 1990 ). An InsideWood search with the main Hydnocarpoxylon features (5p, 14p, 21p, 22p, 27p, 32p, 75p, 97p, 107p, 108p; simple perforations absent: 13a) not only yields Hydnocarpus but also the African genus Octoknema (Octoknemaceae$Erythropalaceae$Olacaceae) as a good match. However, Octoknema has chambered prismatic crystals, sheathed in lignified integuments that would fossilize well, and which are absent from our fossil.
Fossils of Hydnocarpoxylon have only been reported from India and Nepal. Leaves resembling Hydnocarpus reported from Neogene Siwalik sediments (Miocene) are Hydnocarpus palaeokurzii Antal & Awasthi (1994) , H. mioalpinus Prasad (2006) and H. ghishiinsis Prasad et al. (2015) from India. From Nepal, three species, namely: H. chorkholaensis and H. siwalicus Prasad & Awasthi (1996) and H. lamhiensis Prasad et al. (2016) have been reported.
The modern genus Hydnocarpus Gaertn. consists of 40 species and is native to tropical Asia, Sri Lanka, Java and Myanmar (Sleumer, 1954; Mabberley, 2017) . In India, it is represented by three anatomically indistinguishable species, namely: H. alpina Wt., H. anthelminthica Pierre & C.E.C. Fischer and H. laurifolia (Denn.) Sleumer in hill forests of the Western Ghats and the Andaman Islands (Pearson & Brown, 1932; Chowdhury & Ghosh, 1958) .
Discussion
4.1 The fossil wood records of the Achariaceae and Salicaceae Elioxylon gen. nov. is here tentatively attributed to Achariaceae or Salicaceae, whilst Hydnocarpoxylon Bande and Khatri is most likely a member of the Achariaceae. Affinities with other families such as Erythropalaceae (Octoknema) cannot be entirely excluded. The closest living relatives of Hydnocarpoxylon are distributed in the Indo-malesian region (Mabberley, 2017) . The only relevant difference between Hydnocarpoxylon and Elioxylon is in the exclusively scalariform versus the mixed simple and scalariform perforations, and in view of their close similarities in all other xylem attributes, we hypothesise that the taxa are closely related. However, wood anatomical similarities also exist between Elioxylon and some extant Achariaceae occurring in Africa and the New World. Prior reports of Deccan woods attributed to Flacourtiaceae that are candidates for Salicaceae and Achariaceae include: Flacourtioxylon mohgaonense (Trivedi & Srivastava, 1986) , Homalioxylon mandlaense (Bande, 1974) and Pangioxylon mohgaonense (Trivedi & Srivastava, 1982) . Of the above fossil woods, Homalioxylon has recently been denied close affinities with Salicaceae by Wheeler et al. (2017) . Flacourtioxylon mohgaonense, if properly assigned, would belong to Salicaceae, but its affinities are also suspect because there was no mention by Trivedi & Srivastava (1986) of vessel-ray pits or intervessel pit size and other characters are not in accordance with modern Flacourtia. The description and illustrations of Pangioxylon (Trivedi & Srivastava, 1982 ) also raise serious doubts about its true affinities À it has vasicentric parenchyma and its intervessel pit size range is very different from that in recent Pangium (Miller, 1975; InsideWood, 2004-onwards) . This leaves us with only Hydnocarpoxylon and Elioxylon as likely members of the Achariaceae or Salicaeae among the fossil wood records of the family.
Xylem evolution in the Parietal Clade of the Malpighiales
As stated above, most Salicaceae and all Achariaceae were earlier placed in the Flacourtiaceae, and their wood anatomy shows considerable overlap (Pearson & Brown, 1932; Metcalfe & Chalk, 1950; Sleumer, 1954 Sleumer, , 1980 Chowdhury & Ghosh, 1958; Miller, 1975; Chauhan et al., 1995; InsideWood, 2004-onwards) . On the basis of DNA-studies (Chase et al., 2002; Xi et al., 2012; APG IV, 2016; Stevens, 2016 ) the Flacourtiaceae genera have been transferred to two families: Achariaceae and Salicaceae (including Samydaceae). These families belong to the socalled Parietal Clade of the order Malpighiales, in which Achariaceae are basal, with Salicaceae constituting a more derived subclade (Xi et al., 2012; Fig. 3A) . The wood anatomy of most genera is rather well known thanks to a monographic study by Miller (1975) , the data of which, augmented with other studies, have been fully integrated in InsideWood (2004-onwards) .
The Parietal Clade is a well-supported monophyletc assemblage of: (Fig. 3A ). This Parietal Clade shows an interesting wood anatomical diversity pattern, echoing the classical Baileyan transformation series or "evolutionary trends" in xylem anatomy (Bailey & Tupper, 1918; Wheeler & Baas, 1991) . The data summarised below to illustrate this are taken from InsideWood (2004-onwards), Metcalfe & Chalk (1950) and Miller (1975) .
Humiriaceae, sister to the remainder of the clade, are characterized by exclusively solitary vessels with scalariform perforations plates, nonseptate fibre-tracheids (or "true tracheids" sensu Carlquist, 2001 ) with distinctly bordered pits, a limited amount of paratracheal and diffuse parenchyma and strongly heterocellular rays. Most of these features are considered "primitive" in the Bailyan sense. As families branched off they retained a number of these primitive features (notably the Goupiaceae) but also evolved more "specialized" characters such as simple perforations, either in combination with scalariform perforations or as exclusive perforation plate type (all families except Goupiaceae and Lacistemaceae) and loss of axial parenchyma in exchange for evolving septate fibres (Achariaceae, most Violaceae and Salicaceae). Passifloraceae has retained (or re-evolved?) nonseptate fibres and diffuse and paratracheal parenchyma and has mostly exclusively simple perforation plates. When Chase et al. (2002) formally proposed the delimitation of the Achariaceae and Salicaceae sensu lato they published chloroplast-DNA based phylogenies in which the Achariaceae consisted of two subclades; in one of them Hydnocarpus is basal and the other genera branch off in the sequence (Fig. 3B ). There is also a "Baileyan trend" from exclusively scalariform (Hydnocarpus) to mixed simple and scalariform or exclusively simple perforations in this subclade. Elioxylon could well fit here. However, since parallel evolution of xylem features has been rampant (Baas & Wheeler, 1996; Lens et al., 2016) and the phylogeny of the Achariaceae is not very robust at the generic level (Chase et al., 2002) , this stretches the limits of speculation. The wood anatomical patterns in the Parietal Clade of the Malpighiales do support the notion that, despite considerable homoplasy in wood features, this homoplasy is almost exclusively due to parallel origin of "specialized" features in the Baileyan sense, and that reversals of these trends are rare (Baas & Wheeler, 1996; Lens et al., 2016) . We realize that the use of "Baileyan trends" and of the terms of "specialized" are controversial (cf. Olson, 2012 ), but we find them useful in discussing divergent and convergent (not linear) xylem evolution. Ecological adaptation has probably driven the diversification of wood anatomy in the Malpighiales, but which factors were at play is at the K-Pg boundary of India is beyond the scope of this study.
Age of the Malpighiales
Malpighiales have been hypothesized to have diversified at moderately high rates in the late Aptian (Lower Cretaceous) (Davis et al., 2005; Magall on & Castillo, 2009; Xi et al., 2012) . The basal node of the Parietal Clade has been estimated at 58-59 or 65 million years with ranges of 86-48 million years (Xi et al., 2012; Stevens, 2016) . Accepting the older parts of the ranges of these age estimates, this would allow diversification into the major subclades and families by the time the Deccan Intertrappean beds were deposited (Maastrichtian-Danian).
The Deccan woods described here seem to be the oldest records of the Achariaceae and Salicaceae, suggesting an origin in the Indian subcontinent. This further suggests that the Parietal clade of the Malpighiales was present in India while it was an isolated land mass, providing evidence for an 'out-of-India' biogeographic pattern of later evolved members of this clade (cf. Manchester et al., 2013; Srivastava et al., 2015; Baas et al., 2017; Wheeler et al., 2017) . 
